Twenty-two lactating Holstein cattle in Tennessee had clinical signs of intoxication with preformed Clostridium botulinum toxin. These signs included weakness, paralysis of the tongue and chest muscles, abdominal breathing, and, in 11 of the 22 cows, death. Differential diagnoses included hypocalcemia, hypomagnesemia, carbohydrate overload, and several toxicoses including mycotoxin, lead, nitrate, organophosphate, atropine or atropine-like alkaloid, and botulism. A diagnosis of botulism by the ingestion of preformed C. botulinum type B toxin was made by eliminating these other diseases, by finding C. botulinum type B spores in 3 bales of round bale barley haylage fed to these cattle, and by isolating preformed type B toxin from 1 of the 3 bales. Confirmation of the toxin type was made by demonstrating mouse lethality by intraperitoneal injection of specimen extracts with neutralization by C. botulinum type B antitoxin. The haylage, harvested green and encased in black plastic bags to facilitate fermentation, was presumably contaminated by the botulinum toxin when fermentation failed to produce enough acid to lower the pH to 4.5, the pH below which C. botulinum growth is inhibited. Farmers and ranchers who use round hay balers to produce haylage should be alert to this potential problem.
Botulism is caused by a neurotoxin produced by Clostridium botulinum that can affect all mammals, fish, and birds. 22 The organism is a spore-forming, gram-positive anaerobic rod that elaborates a potent toxin. 4, 23 Eight types of this exotoxin including A, B, C1, C2, D, E, F, and G have been identified. 26 Each type is unique in its geographic distribution and species susceptibility. Only types B, C, and D have been shown to produce disease in cattle. 6 The toxin acts at cholinergic nerve endings, 20 preventing the release of the neurotransmitter acetylcholine, which is necessary for muscle contraction, often causing death by respiratory paralysis. 23 Clinical signs are variable, but often include weakness, paralysis of the tongue resulting in an inability to swallow, paralysis of the chest muscles, abdominal-type respiration, and death. 4 Intoxication occurs by 3 routes: ingestion of the preformed toxin, wound botulism, and intestinal toxicoinfectious botulism. 5 Ingestion of preformed toxin in decaying foods (animal or plant) is the most common form of exposure in humans and adult animals. 15, 23 Type B organisms are common in the soil in the mid-Atlantic states. 22 Two forms of type B toxin occur, a proteolytic toxin, which has maximal toxicity, and a nonproteolytic toxin, which must be activated by trypsin to be fully activated. The proteolytic type B toxin occurs most commonly in the soil of the mid-Atlantic states and Kentucky. 22 Botulism has been reported in most mammals as well as birds and fish in the United States and worldwide. 1, 3, 5, 6, 11, 12, [17] [18] [19] Serious outbreaks of type D botulism have occurred in beef cattle fed chicken litter in Australia 24 and Israel. 10 Type C botulism in cattle has also been associated with feeding ensiled chicken litter. 18, 21 Most of the cattle botulism outbreaks recorded in the eastern United States have been type B, often in association with feeding contaminated forage. 25 In The Netherlands, botulism has occurred in cattle fed wet brewer's grains. 13 A fatal botulism outbreak among 11 Holstein cattle started with 3 mature lactating Holstein cows suddenly becoming anorexic, then developing posterior ataxia or weakness. Their condition gradually worsened during the next 12 hours until they became recumbent and unable to rise. A minimum of 22 cows had overt clinical signs during a 10-day period in a milking herd of about 125 animals. All affected cows had decreased frequency and strength of rumen contractions and firm feces. Some would attempt to eat and drink, but consumed very little feed. Neither calves nor nonlactating cows experienced any similar problem. Most of the affected cows, both those that survived and those that died, remained alert and had normal rectal temperatures with normal heart and respiratory rates. Affected cows had dilated pupils that were unresponsive to light. Initial therapy consisted of intravenous calcium and magnesium, subcutaneous neostigmine, and oral magnesium hydroxide and electrolytes. No response to therapy was noted. Eleven cows of the 22 that were affected became recumbent, all dying within 1-3 days of recumbency. Postmortem examination on 1 of the cows revealed no significant gross or microscopic lesions.
Possible causes of this downer cow syndrome included hypocalcemia, hypomagnesemia, carbohydrate overload, and several toxicoses including mycotoxin, lead, nitrate, organophosphate, atropine or atropine-like alkaloid, and botulism. Complete blood counts from 2 affected cows were within reference values, but serum chemistry panels revealed 1 low calcium concentration (8.6 mg/dl; reference range 9.0-10.8 mg/dl), 1 high phosphorus concentration (9.5 mg/dl; reference range 3.9-7.2 mg/dl), and magnesium concentrations within the reference range. Creatinine phosphokinase values were high (3,065 and 358 IU/liter; reference range 0.0-350 IU/liter 9 ). Hypocalcemia, often present in early cases of bovine botulism, is thought to be associated with reduced rumen motility leading to decreased ingesta flow into the lower small intestinal tract.
The lactating cows were pastured on a 45-acre (18-ha) enclosure with 2 ponds. They were fed a 16% protein grain ration while being milked, and had free-choice access to round bale barley haylage after milking. The owner had begun this feeding practice about 7 days before the sick cows were noticed. These cows had previously been fed the same 16% grain ration with corn silage, but had been changed to the barley haylage because corn silage was no longer available. The haylage had been harvested green and encased in black plastic bags to facilitate fermentation.
Hypocalcemia and hypomagnesemia were eliminated as primary causes of the problem because of the nearly normal serum calcium concentration, the normal magnesium concentration, and the lack of response to calcium and magnesium therapy. Carbohydrate overload was ruled out by a rumen pH of 6.75 in 1 cow, and lack of response to magnesium hydroxide therapy in several cows. The feed samples and haylage were negative for aflatoxin T-2, diacetoxyscipenol, and zearalenone mycotoxins. The haylage sample contained less than 1,000 ppm nitrate (a normal value), and water samples were negative for nitrate. Liver and kidney lead concentrations were 0.1 and 0.2 g/g, respectively, which were normal background values. Blood samples revealed no evidence of anti-acetylcholinesterase agents. No exposure to atropine was known, and no Jimsonweed or other plants containing atropine-like alkaloids were found in the haylage or pasture. However, samples from 3 large round bales of barley haylage revealed C. botulinum type B spores. Additionally, C. botulinum type B toxin was detected in 1 of 3 specimens of barley haylage by demonstrating, in specimen extracts, specific neutralization in intraperitoneally injected mice. Thus, the finding of spores and toxin of C. botulinum, the appropriate clinical signs, and the ruling out of other potential causes of the problem led to a diagnosis of botulism.
More specifically, to confirm the diagnosis of botulism, 3 suspect barley forage samples were taken from 3 separate large plastic-wrapped haylage bales. Haylage specimens were extracted overnight at 4 C in a sterile gelatin phosphate buffer. A portion of this extract was decanted and centrifuged; the supernatant was then removed for toxin testing. Mouse lethality and neutralization tests were performed on the extract to confirm botulism. 14, 16 Anaerobic procedures and enrichment culture techniques 7 were used to isolate C. botulinum from barley haylage samples. These procedures included inoculation of liquid medium (chopped meat glucose) with an extract of the haylage specimen, followed by testing for toxicity after 3 days of anaerobic incubation. An aliquot of the extract was also tested directly for toxicity. The toxic cultures contained sufficient numbers of C. botulinum for isolation on a selective egg yolk medium. 8 The isolates of C. botulinum were distinguished by their lipase activity, Gram-stain characteristics and toxin activity. The toxin type present in enrichment cultures was determined by mouse lethality and neutralization testing. 14 Any culture with evidence of toxin activity in mice was tested in mice a second time, both with and without C. botulinum type B antitoxin. This step was necessary to confirm that the suspect toxin could be neutralized with the specific botulinum type B antitoxin. All 3 barley haylage samples were positive for C. botulinum type B spores capable of toxin production. One of the samples was positive for preformed C. botulinum type B toxin.
Definitive diagnosis is very difficult because this requires the demonstration of the toxin in the patient's serum. Occasionally this is possible in humans, who, as a species, are more resistant to botulinum toxin than cattle, which, in turn, are more resistant than horses. The suspect serum sample must be lethal to mice and then be neutralized by the specific botulinum antitoxin. 14 A circumstantial or tentative diagnosis can be made, as in this case, by finding the organism and toxin in foodstuffs that recently have been consumed by the animals exhibiting clinical signs of botulism. Test feeding of suspect toxic feed to susceptible animals can also be used for diagnosis. 4, 23 Another diagnostic approach, also applicable to this case, is to exclude other diseases. 1 The clinical signs must, to be compatible with botulism, include normal hematology and biochemistry findings, and negative findings at autopsy with multiple animals involved. Diagnoses have also been based on history and clinical signs. 1, 26 Clostridium botulinum is commonly found in soil. 4, 23 This organism is pH sensitive, growing best under anaerobic conditions in neutral, acid, or alkaline conditions depending on the biotype. 4 Botulism is most often an intoxication produced by ingestion of preformed toxin. 11, 15 Decaying vegetation and animal carcasses may serve as media for both C. botulinum growth and production of its toxin. 11 Poisoning in animals is usually the result of ingestion of decaying material. 6, 23 Feeding cattle with ensiled poultry litter 17, 18 and poultry litter contaminated with chicken carcasses 3 have also been associated with disease.
Botulism may occur when silage, which does not initially contain decaying organic matter, is fed to cattle. 6, 11 This silage is usually harvested from fields with large concentrations of C. botulinum organisms, and is not fermented properly; specifically, the pH is maintained above the inhibitory pH of 4.5, allowing the organism to grow and produce toxin. 6, 11 The same mechanism probably applies to the barley haylage fed in this case. The haylage was harvested from an occasionally flooded area, and C. botulinum spores are commonly found in aquatic sediments. 23 The pH of the barley haylage during the fermentation process was probably too high, allowing the organisms to propagate and produce toxin. The botulinum toxin, being extremely toxic in minute concentrations, was probably sufficient to produce disease and death, despite the fact that ruminal microbes in cattle are known to at least partially inactivate botulinum toxin. 2 Although 11 cows survived, they were separated from the milking herd, and their milk was discarded. Their milk production never returned significantly, and they were culled from the herd. With the increasing use of large round hay balers to produce haylage, the incidence of botulism in cattle may increase in the future.
